Background/Aim. Rett syndrome (RTT) is a severe neurodevelopmental disorder primarily affecting females with an estimated incidence of 1 : 10,000-15,000 female births. Currently, there is no specific treatment that halts or reverses the progression of RTT. Therefore, management was mainly symptomatic, focussed on optimising patient's abilities. The aim of this study was to investigate factors influencing health-related quality of life (HRQoL) and depression in mothers who care for children with Rett syndrome (RTT) in Serbia. Methods. The cross-sectional study was conducted on 49 mothers giving care to females with RTT. Caregivers` HRQoL was assessed by using the SF-36 questionnaire. Clinical severity score (CSS) of RTT patients and Beck Depression Inventory II (BDI -II) scale were used to quantify RTT severity and mothers` depression, respectively. Statistical assessment included descriptive statistics, ttest, Pearson correlation coefficient and multiple logistic regression. Results. The age of mothers ranged from 22 to 55 years and of their affected children from 3 to 29 years. Severe depression was observed in 15 (30.6%) participants. CSS and BDI -II scores correlated negatively with all SF-36 domains and composite scores. Lowest scoring domains of HRQoL in mothers giving care to RTT children were mental health, vitality and role functioning emotional. Multiple linear regression analysis revealed that severity of RTT patients` disability (CSS) and caregivers` age are factors with strongest influence to HRQoL and depression in care giving mothers. Conclusion. Mothers giving care to children with RTT are at high risk of severe depression and lower HRQoL scores of domains that reflect mental well-being. Results of this study can help in planning subsequent interventions directed at families dealing with Rett syndrome.
Introduction
Rett syndrome (RTT) is a severe neurodevelopmental disorder primarily affecting females with an estimated incidence of 1 : 10,000-15,000 female births 1, 2 . Mutations in the X-linked gene methyl CpG-binding protein 2 (MECP2) have been found in the majority of patients 3, 4 . However, diagnosis of RTT remains a clinical one, by usage of established criteria 5 . Main clinical features of RTT include progressive psychomotor deterioration, autism, stereotypic movements of the hands, loss of acquired language and decreased cranial growth. The identification of a MECP2 mutation can support a clinical diagnosis but it is not a basis for diagnosis 5, 6 . RTT has a wide clinical variability in terms of its severity, and phenotype-genotype correlation has become more elucidated in recent large studies 7 . Currently, there is no specific treatment that halts or reverses the progression of RTT, and management is mainly symptomatic, focussed on optimising patient's abilities. Among RTT patients 50-80% develops epilepsy at a median age of 3 years 8 , so anticonvulsant drugs are the mainstay of pharmacological approach to these patients.
Plethora of evidence from worldwide studies indicates proneness for depression and lower health-related quality of life in mothers caring for children with disabilities [9] [10] [11] [12] . Apart from child disease characteristics, some sociodemographic factors (family income, marital status, mother's age etc.) were also recognized for having significant influence on these outcomes 13, 14 . However, studies addressing depression, health-related quality of life (HRQoL) and social issues in RTT caregivers remain sparse [15] [16] [17] . The aim of this study was to investigate HRQoL and depression in mothers caring for children with RTT in Serbia. A specific aim of our investigation was to assess the influence of sociodemographic factors and clinical severity of child disease to HRQoL and depression in care giving mothers.
Methods
The cross-sectional study was conducted on 49 mothers giving care to females with RTT. The study was performed during the period from January 1, 2010 to July 31, 2010 in Mother and Child Health Care Institute of Serbia in Belgrade, with a set of questionnaires being sent to a total of 60 mothers caring for RTT children regularly controlled and treated in this institution. Approval by the institution`s ethics committee was obtained. Mother and Child Health Care Institute of Serbia is a tertiary care paediatric center and represents referent hospital for RTT syndrome in Serbia. Inclusion criteria were that the diagnosis of RTT in child is established on the basis of "The Rett Syndrome Diagnostic Criteria Work Group" criteria 7 , and that the residency of investigated family is in Serbia. Mothers diagnosed with major medical or psychiatric condition were excluded from the study. A set of applied questionnaires was comprised of three parts. Part 1 consisted of a sociodemographic questionnaire that addressed mothers' age, marital status, education level, employment status (employed, unemployed), family income (combined family income measuring above or below two average salaries) and the place of residency (urban/rural). Serbian translation of SF-36 18 , a generic HRQoL instrument, comprised part 2 of a questionnaires set. SF-36 measures eight domains of HRQoL calculated within eight scales: physical functioning (PF), role functioning physical (RP), bodily pain (BP), general health (GH), vitality (VT), social functioning (SF), role functioning emotional (RE), and mental health (MH). The domains of SF-36 are used to calculate composite scores -physical health composite score (PCS) and mental health composite score (MCS), as well as SF-36 total composite score (TCS). PCS is calculated as an average value of PF, RP, BP, GH and VT domains. The MCS is also calculated out of five domains: VT, SF, RE, MH and GH. The scores for the SF-36 are based on a 0 to 100 scale; zero represents the lowest possible score, and 100 represents the highest possible score. In general population, used as a norm-based reference group, 50 represents the mean score. HRQoL scales were presented as T-scores (mean 50, SD 10) by linear transformation of raw scores that optimize comparisons across the different scales of the SF-36. Higher values meant better domains of HRQoL. Scoring and calculation of SF-36 scales were performed according to Ware's survey manual recommendations. Part 3 measured depression with a Serbian translation of Beck Depression Inventory -II (BDI-II) 19 . Scores of BDI-II from 0 to 13 were considered as minimal, 14-20 as mild, 20-28 as moderate and 29-63 as severe depression 20 . Completed questionnaires were retrieved from 49 subjects with the response rate of 81.7%.
Severity of RTT was determined by using a Clinical Severity Score (CSS) developed specifically for this disease 21 . The CSS is a composite score based on thirteen individual categories measuring clinical features of RTT. All the scores range from 0 to 4 or 0 to 5 with 0 representing the least severe and 4 or 5 representing the most severe finding, while a total score ranges from 1 to 58. The CSS score was assigned and evaluated by the paediatric neurologist.
Descriptive statistics, such as mean ± standard deviation (SD) on the collected data were calculated. Pearson correlation coefficients were used to examine the relation between SF-36 domains, composite and total scores to scores of BDI-II, CSS and age of mothers giving care to children with RTT. We used t-test to compare SF-36 domains, composite and total scores of the studied group to general population. Assessing the difference of SF-36 scores and BDI-II score between the group of mothers giving care to less severely affected children with RTT (CSS 20) and the group with more severely affected children (CSS > 20) was also performed by t-test. This cut-off value for CSS was used since it represents median CSS in our group of patients.
We used multiple linear regression to investigate the influence of sociodemographic factors of care giving mothers and the presence of epilepsy in RTT patients on SF-36 composite scores (PCS, MCS and TCS) and BDI-II scores in our study group. Mothers educational, employment and marital status, family income, place of residency (village or city), number of children in family and the presence of epilepsy in RTT children were the factors selected for testing. The statistically significant level was set at p < 0.05. 
Results
The demographic characteristics of 49 mothers caring for children with RTT are presented in Table 1 , while clinical features of 49 female children with RTT are summarized in Table 2 . Age of mothers ranged from 22 to 55 years and of their affected children from 3 to 29. In RTT patients, mean CSS was 21.5 (range from 10 to 39) with 23 (46.9%) patients scoring 20 on CSS. Our study revealed that a slight majority of mothers had minimal scores of BDI-II (53.2%), 8 (16.4%) of them had mild to moderate depression, while severe depression was observed in 15 (30.6%) of the investigated participants. Furthermore, we found statisticly significant correlation between CSS, BDI-II, mother's age and all domains of SF-36 (Table 3. ). Patients` age did not show a significant correlation with CSS scores. The CSS scores had significantly negative correlation with all SF-36 domains and composite scores with highest correlation coefficients found for VT, GH and all composite scorres. We demonstrated a high statistical significance of negative correlation between BDI-II and all SF-36 domains with highest correlation coefficients for SF, VT and PCS domains. Mother`s age correlated negatively to all SF-36 domains and composite scores with high statistical significance, particularly for SF, PF, VT and PCS (Table 3) .
We found that the lowest scoring domains of HRQoL in mothers giving care to RTT children were mental health (47.3 ± 29.6), vitality (43.6 ± 27.8) and role functioning emotional (42.1 ± 42.4), but none of domains differed significantly to general population norms. However, when we compared HRQoL scores between two groups of mothers divided on the basis of CSS ( 20 and > 20) we found significantly lower values of MH, PF, PCS and TCS in the group caring for more severely affected children (Table 4 ). Other Table 3 HRQoL domains showed reduced values in the group caring for children with CSS > 20, but theres was no statistically significant difference. A significant statistical difference was found between these two groups in BDI-II scores (Table 4) . Multiple regression analysis identified CSS and mothers` age as factors significantly influencing depression level and all HRQoL composite scores. Multivariate model showed also that employment status significantly affected mothers` depression level (Table 5) . 
Discussion
Challenges of caring for children with RTT are only sparsely reported in the literature. A substantial number of studies have found that HRQoL is significantly worse in mothers caring for a disabled child compared with mothers of children without disability [22] [23] [24] . Rett syndrome is a severe neurodevelopmental disorder, so our study aimed to confirm impact of debilitating disease on psychological and the physical functioning of care giving mothers. We assessed HRQoL and presence of depression in 49 mothers caring for children with RTT. We also analyzed possible correlations of HRQoL, depression level, clinical severity of RTT and sociodemographic characteristics of mothers. Clinical severity and BDI-II scores were found to be significantly related to all the domains and composite scores of SF-36. These findings are in accordance with investigations of caregivers for patients with different chronic diseases [25] [26] [27] . Thus, more severe clinical manifestations of RTT in children were correlated to higher level of depression and lower HRQoL of their mothers. Also, significantly lower BDI-II, MH, PF, PCS and TCS in group caring for more severely affected children (CSS 20) further pointed out the impact of clinical severity of child`s disease on parental well-being.
The presence of severe depression (BDI-II score 29) in 30.6% of care giving mothers is similar to findings of studies involving primary caregivers of children with disabilities 15, 28 . Most of studies investigating mental health of parents with disabled children have found higher scores for maternal depression compared to control groups 29 . We decided to address only maternal HRQoL and depression since a number of research consistently reported that fathers of children with disabilities show normal depression scores 30, 31 . Observation that mothers experience more distress than fathers could be caused by the fact that mothers take on a larger part of care and practical work that children with disabilities require. More proper burden measures could substantiate this hypothesis for RTT caregivers in future studies.
A significant negative correlation of BDI-II scores to CSS that we proved in our study also corresponds to findings that severity of clinical manifestations in children with disability is closely related to parental psychosocial stress [32] [33] [34] . However, some studies that addressed depression in parents with children affected with cerebral palsy did not find a significant correlation of depression and clinical severity of child's disease 27, 34 . Bahi-Buisson et al. 17 indicated that the presence of epileptic and non-epileptic seizures in RTT patients had a significant impact on their family's quality of life. Multivariate regression analysis that we performed showed no significant influence of seizure presence to HRQoL domains or depression level. On the other hand, CSS of RTT patients was identified as significant factor that adversely affect all SF-36 composite scores and BDI-II score in their mothers. Calculating CSS includes the presence of epilepsy among the variety of other signs and symptoms encountered in RTT.
A recent Turkish study pointed out a significant negative correlation between BDI scores and all domains of HRQoL tested by Nottingham Health Profile with maternal educational level having strongest impact on HRQoL 35 . Maternal education was recognized as a predictor of maternal depression and lower domain scores of HRQoL in other studies 36 . Our study did not show any significant influence of maternal education to HRQoL and depression level. The most probable reason is our small study sample with only 4 mothers with college education.
Studies conducted in patients with different neurologic diseases or their caregivers (muscular dystrophies, multiple sclerosis) showed a significant negative correlation between depression and HRQoL in tested subjects 18, 37 . Similar results were obtained in our study. These findings indicate that depression associated with chronic disease significantly affects HRQoL, both in patients and their caregivers.
The largest study to date involving HRQoL in RTT caregivers observed lowest score for MCS among composite HRQoL scores 15 , similarly to our study. A high prevalence of severe depression in our group could be related to lower scores in the mental health domain of SF-36. Laurvick et al. 15 also identified family income and behaviour problems in RTT affected children as the strong predictors of lower mental health scores, while age of mothers did not affect mental or physical health 15 . In our study, family income was not proved as a significant "buffer" of psychosocial stress. This finding does not correspond to a number of studies dealing with caregivers of children with disabilities 15, 36 . There are, however, researchers who, similarly to our results, did not prove significant influence of family income on care- giver well-being 10, 12, 16 . Our study showed that age of mothers had significant impact on investigated outcomes (BDI-II score and all SF-36 composite scores), while unemployment was a significant predictor of higher depression level.
The domains of HRQoL mainly affected in our study group were RE, MH and VT scores. Other HRQoL studies with caregivers of children with disability reported similar experience 35, 38 . Dividing the study group on the basis of children`s CSS, showed significantly lower HRQoL scores and higher depression level in mothers with more severely affected children. This result strongly contributes to finding that clinical severity of the childs` disease is one one of the strongest factors influencing HRQoL and depression level. This is in accordance to the conclusions of a large Canadian study that identified care giving demands and child behaviour as significant influencing factors on emotional and physical well-being of caregivers for children with cerebral palsy 38 .
Our study has few considerable limitations. A crosssectional design limits the possibility of discerning causal relationships and relatively small number of participants implies the need for multicentric study. Future studies should include prospective repeated measurements of HRQoL and depression in order to obtain more accurate conclusions. Also, the genetic profile of patients was not analyzed as possible predictor of investigated outcomes, since only 53% of patients had been established with molecular diagnosis. However, a study with RTT caregivers did not show a correlation of genotype (MECP mutations) and caregiver HRQoL 21 .
Conclusion
Our study showed a high prevalence of depression among mothers caring for children with Rett syndrome. Mostly affected domains of HRQoL in this population were role functioning emotional, vitality and mental health, all significantly influenced by maternal age and clinical severity of their children`s disease. The results of this study can help in planning subsequent interventions directed at families dealing with Rett syndrome. On the basis of our findings, future interventions should include early recognition of depression symptoms, providing better employment possibilities for mothers giving care to children with RTT and improvement of specific medical measures to alleviate clinical severity of affected children.
